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INFORMATION PROCESSING SYSTEM,
MANAGEMENT SERVER AND
INFORMATION PROCESSING METHOD

CLAIM OF PRIORITY

The present application claims priority from Japanese
patent application JP 2011-180600 filed on Aug. 22, 2011,
the content of which is hereby incorporated by reference into
this application.

FIELD OF THE INVENTION

The present invention relates to technology for accumu-
lating behavioral characteristics of people during face-to-
face activities and individual activities by utilizing sensor
devices and person-related information and estimating face-
to-face information when different person-related informa-
tion is provided.

BACKGROUND OF THE INVENTION

When assigning company personnel to internal organiza-
tions (hereafter including sections and groups) companies
generally assign human talent (personnel) to groups where
needed based on the same performance or skill conditions
such as age, managerial posts, and qualifications in order to
boost the productivity of the group.

A number of personnel placement support systems have
been disclosed in the related art to assist in the process of
placing company employees when assigning company
employees or assigning company employees to specially
designated work tasks as described above.

One such support system stores the performance infor-
mation expressing the capabilities of company employees
assigned beforehand with matching member 1D, and when
capability requirement information for the necessary match-
ing job duties assigned to company employees from the
section supplying the request information, the support sys-
tem generates information showing the aptitude of company
employee for the corresponding job duties using the stored
capability information and capability requirement informa-
tion, and assigns the company employee to the correspond-
ing job based on this generated aptitude information (Japa-
nese Unexamined Patent Application Publication No. 2002-
109161).

On the other hand, advances in sensor technology in
recent years have made measurement possible not only of
static information such as age, managerial posts and quali-
fications, but also dynamic changes in communication in job
tasks such as in Wakisaka, “Beam-Scan Sensor Node: Reli-
able Sensing Of Human Interactions In Organization”, Inter-
national Conference On Networked Sensing Systems, (US),
Jun. 17, 2009. The ability to measure communications
revealed that not only static information such as age, mana-
gerial posts and qualifications, but also communication
within the group is deeply related to productivity. The
literature by Lynn and others in, “Mining Face-to-Face
Interaction Networks Using Sociometric Badges: Evidence
Predicting Productivity in IT Configuration”, International
Conference on Information Systems (France), Dec. 14,
2008; discloses examples statistically analyzing the relation
between the communication pattern and the time required
from receiving the configuration request until completing
the configuration, and for 900 job tasks within the office
carried out through system configurations. Simple use of the
communication time and number of persons as well as
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2

various communication patterns as markers or indices and
then investigating their relationship to productivity revealed
no relation between the simple communication time and
number of persons and productivity but did show that the
higher the index called cohesion, the higher the productivity.

SUMMARY OF THE INVENTION

In a group, the problem of how to allocate human talent
(personnel) is the most critical issue and making decisions is
also difficult. The foremost reason for this difficulty is that
the performance a person exhibits in a certain environment
is not determined by that person but by communication
including the people around the person. This fact makes
communication an extremely important factor in allocating
human talent. Lynn and others, “Mining Face-to-Face Inter-
action Networks Using Sociometric Badges Evidence Pre-
dicting Productivity in I'T Configuration”, International Con-
ference on Information Systems (France), Dec. 14, 2008
shows that cohesion which is one index of communication
patterns around the individual correlates to the productivity
of that person. In other words, the type of communication
patterns used in the group where an employee has been
assigned plays a large role in success or failure when
allocating human talent. However, also clearly known is that
communication patterns within a group do not develop
merely through one’s relation to the group structure and
current technology is not capable of predicting this devel-
opment.

The above circumstances show that estimating and pro-
viding group communication patterns after assigning an
individual is a huge problem for providing personnel place-
ment support.

A typical aspect of the present invention is given as
follows. Namely, an information processing system com-
prised of terminals respectively attached to a plurality of
persons that configure the group, a base station to commu-
nicate with the terminals, and the management server
coupled by way of the network to the base station; in which
each terminal includes a behavior information sensor to
acquire behavioral information on the person wearing the
terminal, and a transmit device to send the behavioral
information to the base station; and the management server
includes a network interface coupled to the network, a
processor coupled to the network interface, and a storage
device coupled to the processor; and further in which the
storage device stores person-related information showing
the pre-defined relations among the plurality of persons
within the group, and the processor stores the behavioral
information received by way of the network interface into
the storage device, calculates the behavioral characteristic
quantity of one or more types showing behavioral charac-
teristics of each person relative to other persons based on the
behavioral information, stores the calculated behavioral
characteristic quantity in the storage device, sums the cal-
culated behavioral characteristic quantities for each of the
pre-defined relations between the person and the other
persons (in the group), and further stores the summed
behavioral characteristic quantities in the storage device,
and when information showing changes in the predefined
still non-implemented relation is acquired, and estimates the
behavioral characteristic quantity of the person after the
predefined relation was changed in accordance with the
acquired information based on the behavioral characteristic
quantity stored in the storage device, and outputs the esti-
mated behavioral characteristic quantity.
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One aspect of the present invention is capable of estimat-
ing in advance the communication quantity and overall
structure between an optional two persons that will result
after changing the organizational structure, and then dis-
playing that quantity and structure to support the placement
of personnel when changing the group structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the basic configuration
of the sensor network system of the embodiment of the
present invention;

FIG. 2 is a drawing for describing an example of the data
and the structure of the database for sensor data stored in the
management server of the embodiment of the present inven-
tion;

FIG. 3 is a drawing for describing the structure of the
group utilized as an example in the embodiment of the
present invention;

FIG. 4 is a drawing for describing the individual infor-
mation table stored in the recording device of the embodi-
ment of the present invention;

FIG. 5 is a flowchart showing the analysis and clarifica-
tion procedures implemented by the management server of
the embodiment of the present invention;

FIG. 6 is a drawing for describing the team (also called
structural) relation index referred to in the embodiment of
the present invention;

FIG. 7 is a drawing for describing the team (also called
structural) relation matrix created by the management server
of the embodiment of the present invention;

FIG. 8 is a flowchart of the collect individual character-
istic process implemented by the management server of the
embodiment of the present invention;

FIG. 9 is a drawing for describing the first face-to-face list
of the embodiment of the present invention;

FIG. 10 is a drawing for describing the second face-to-
face list of the embodiment of the present invention;

FIG. 11 is a drawing for describing the third face-to-face
list of the embodiment of the present invention;

FIG. 12 is a drawing for describing the activity list of the
embodiment of the present invention;

FIG. 13 is a drawing for describing the two-person
face-to-face time list of the embodiment of the present
invention;

FIG. 14 is a drawing for describing the transition pattern
in the activity state in the embodiment of the present
invention;

FIG. 15 is a drawing for describing the face-to-face time
matrix in the embodiment of the present invention;

FIG. 16 is a drawing for describing the team (also called
structural relation characteristics list of the embodiment of
the present invention;

FIG. 17 is a drawing for describing the individual char-
acteristics list of the embodiment of the present invention;

FIG. 18 is a flowchart of the relation estimate process
executed by the management server of the embodiment of
the present invention;

FIG. 19 is a flowchart of the coefficient learning process
executed by the management server f the embodiment of the
present invention;

FIG. 20 is a drawing for describing the relational char-
acteristics display diagram shown on the display unit of the
embodiment of the present invention;

FIG. 21 is a drawing for describing the spring network
diagram shown on the display unit of the embodiment of the
present invention;
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FIG. 22 is a drawing for describing the structural change
acceptance diagram of the embodiment of the present inven-
tion;

FIG. 23 is a drawing for describing the estimated results
diagram shown on the display unit of the embodiment of the
present invention;

FIG. 24 is a drawing for describing the estimated results
diagram including the display of the estimated productivity
shown on the display unit of the embodiment of the present
invention;

FIG. 25 is a drawing for describing the estimated results
diagram including the display of the change in the estimated
productivity shown on the display unit of the embodiment of
the present invention;

FIG. 26 is a drawing for describing the estimated results
diagram including a display of the probability width for the
estimated productivity shown on the display unit of the
embodiment of the present invention;

FIG. 27 is a drawing for describing the estimated results
diagram corresponding to the plural selected states, shown
on the display unit of the embodiment of the present
invention;

FIG. 28 is a drawing for describing the cohesion utilized
as an index for productivity in the embodiment of the present
invention;

FIG. 29 is a drawing for describing the structural changes
in the embodiment of the present invention; and

FIG. 30 is a drawing for describing the estimated results
diagram corresponding to the plural selected states, shown
on the display unit of the embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The embodiments of the present invention are hereafter
described in detail while referring to the drawings.
Structural Elements Assigned with the Same Reference
Numerals Indicate an Identical or a Similar Structure.

FIG. 1 is a block diagram showing the basic configuration
of the sensor network system of the embodiment of the
present invention.

The worker WKR1 retains a sensor node SN0 mounted on
a name tag or a wrist band. The sensor node SN0 is a sensor
device comprised of a processor circuit CPU0, a wireless
circuit RF0 coupled to an antenna ANTO, a sensor SNSO
such as for voice, acceleration, temperature, and infrared
rays, a memory MEMO to store a sensing program MS2, a
button INO, an output device OUTO0 such as a LCD, LED, or
buzzer, and a timer TMR to manage the time. The above
structural elements are mutually connected by a bus BUSO.

The sending and receiving infrared signals by an infrared
ray sensor allows detecting a human pulse when the sensor
node SNO is an arm or wrist band type sensor, and the
directly opposite (oncoming) infrared ray device can be
detected in the case of a name tag type sensor. In other
words, infrared communication CV1 allows detecting
mutual face-to-face communication when two persons such
as a worker WKR1 and another worker WKR2 have met
face-to-face and are both wearing name tag type sensor
nodes SNO. Information sent by infrared communication
CV1 may include at least an identifier (e.g. WKR2) assigned
to the transmitting sensor node SNO. This identifier is
uniformly assigned each of the sensor nodes SN0 and allows
identifying the worker wearing the sensor node SNO. By
mutually sending and receiving this type of information, the
sensor network system can detect who a worker met face-
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to-face with and at what time. If still another worker WKR3
is wearing a sensor node SNO as shown in FIG. 1, then
face-to-face communication with the worker WKR1 and the
worker WKR3, as well as face-to-face communication
between the worker WKR2 and worker WKR3 can also be
detected.

Information sensed by the sensor node SN0 is temporarily
stored in the memory MEMO and is then sent from the
wireless circuit RF0 as a wireless communication WC1 or
by way of a relay device RT1 as a wireless communication
WC2 and WC3 to the base station device BS1. The sensed
information may also be sent as a cable communication FL.1
to the base station device BS1. The base station device BS1
retains a plurality of receiver units, and may simultaneously
receive data from a plurality of sensor nodes.

A cable network LAN1 sends information received by the
base station BS1 to the management server SV1 and this
information is stored in the sensor database SD1 of the
management server SV1. Programs described later on and
generated lists are also stored in the management server
SV1.

The computer PC1 utilized by the worker is coupled to the
cable network [LAN1 by way of a cable or a wireless LAN.

An infrared transmitter device BC1 is a device that
periodically sends the infrared rays BIR1 and is installed in
meeting places such as conference rooms, laboratories, or
coffee break areas. The sensor node SNO can detect the
infrared rays BIR1 when a worker WKR1 wearing a name
tag sensor device SN0 is working at the front of the infrared
transmitter device BCI there. The work meeting places of
each worker can in this way be known by sending this
information by way of the wireless communication WC1.

The display DISP1 and the computer PC1 coupled to that
display DISP1 can display results of processes executed by
the management server SV1 to the user.

A NTP server NTPS for monitoring the time is stored
within the management server SV1, and accurately monitors
the time by methods such as referring periodically to stan-
dard times on the Internet, etc.

The management server SV1 is comprised of an interface
IF1 coupled to a cable network LAN1, and a processor
CPU1, a memory MEMI, a sensor database SD1, and a
recording device DB1. The sensor database SD1 stores the
sensing data acquired by each type of sensor. The recording
device DB1 records each type of data table and each type of
program described later on. The sensor database SD1 and
the recording device DB1 are for example hard disk drives,
CD-ROM drives or flash memories, etc. The sensor database
SD1 and the recording device DB1 can also be configured as
one recording device. The processor CPU1 executes each
type of function by loading each type of program described
later on that is stored in the recording device DB1 into the
memory MEM1.

In the example in FIG. 1, the recording device DB1
includes: a collect individual characteristics process CIC, a
projected relation estimate process PR, an individual infor-
mation table TEAMINFO, an estimated individual informa-
tion table TEAMINFO2, a team relation matrix TRM, an
individual characteristic list ICL, and a projected relation
estimated characteristics matrix PRM. These items are pro-
grams executed by the processor CPU1, or data created or
searched by these programs. These items are described in
detail later on.

FIG. 2 is a drawing showing an example of the data and
the structure of the database SD1 for sensor data stored in
the management server SV1 of the embodiment of the
present invention.
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The database SD1 manages the corresponding matches
between the sensor data, identification information for the
sensor device utilized by the worker, and the worker’s
identification information, etc.

The database SD1 includes a table DIRT, a table DACC1
and a table DVOL1.

The table DIR1 is a table that matches and stores the
temperature data, illuminance data, and infrared ray detec-
tion data.

The identification ID of the user (namely, the worker
wearing the sensor node SN0 including the sensor device)
utilizing this sensor device is stored in row RUSID.

The time when the data is stored in the database SD1 is
stored in row RUPTM.

The identifier for the base station device (for example
BS1) that received the data by wireless (radio) is stored in
the row RGWAD.

The row RAPHD stores values showing the type of sensor
device. The row RAPHD for example stores a value 1 for a
wrist band device and a value 2 for a name tag device.

The row RDATY stores values showing the type of data
stored in the wireless packet. When data including a set of
data such as temperature data, illuminance data, and infrared
ray detection data is stored in a wireless packet, then the row
RDATY for example stores a value 1, stores a value 2 in the
case of acceleration data, and stores a value 3 in the case of
voice, data, etc.

The row RSENU is a cyclic counter assigned with values
from 0000 to FFFF in the frame transmission sequence of
the sensor device and this counter resets to 0000 after
reaching FFFF. If the sub-frames (namely, plural frames
containing data sampled in the same sensing period) are
linked, then the sequence number of the first frame is stored.

The row RSAID stores a sampling identifier for identi-
fying the timing at which the data is sampled. The same
sampling identifier is assigned to sub-frames containing data
sampled in the same sensing period.

The row RROBPE stores the current sensing interval of
the sensor device.

The row RSEPE stores the current wireless transmission
interval of the sensor device. A numerical value showing the
wireless transmission interval may be stored, and a value
may be stored showing a multiple of the sensing interval in
the wireless transmission interval.

The row RSARA stores the sensor data acquisition cycle
of'the sensor device. For example if sensing is performed for
one second in every ten seconds, and the sampling frequency
of the sensor is 50 Hz in that one second period, then “50
HZ” is stored in row RSARA and “10 seconds” is stored in
the row ROBPE.

The row RSANU stores the current sampling count of the
sensor node.

The row RMACID stores the network address (e.g. MAC
address) of the device. The row RMACID in this way links
the ID (row RMACID) of the sensor node SNO to the ID
(row RUSID) of the worker wearing that sensor node.

The row RFRNU stores a value showing the sequence of
each frame when the frame has been subdivided. If there is
a total of N sub-frames then N, N-1, N-2, - --3,2, 1 and
the descending No. sequence are assigned to each frame. A
1 indicates the final sub-frame, and a O indicates the 256th
frame.

The row RFRSI stores the total number of serial frames
sent as sub-frames.

The row RTIST stores the sensor device time when the
main data was acquired by the sensor.
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The row RTEMP stores the temperature data acquired by
the sensor device.

The row RLUX stores the illuminance data acquired by
the sensor device.

The row RBALE stores values showing the remaining
battery level of the sensor device that is for example a power
supply voltage.

The row RLQI stores a value such as LQI (LINKQUALI-
TYINDICATOR) showing the wireless communication
quality between the sensor device and the base station.

The row RIRDS stores a detection count of the infrared
data contained within this data.

The row RIR stores the infrared data acquired by the
sensor device.

The table DACCI1 stores acceleration sensor data instead
of data such as the infrared rays of table DIR. The table
DACC1 stores the same contents as table DIR from row
RMACID to row RTIST.

The row RACDS stores a detection count of the accel-
eration data contained within this data.

The row RACC stores acceleration data acquired by the
sensor device.

The table DVO1 stores audio data instead of data such as
infrared rays in the table DIR. The table DVOI1 stores the
same contents as the table DIR from row RMACID to row
RTIST.

The row RVODS stores the detection count for audio data
contained within this data.

The row RVODA stores audio data acquired by the sensor
device.

The individual
described next.

The structure of the group (or organization) utilized as an
example is described first in the following description.

FIG. 3 is a drawing for describing the structure of the
group (or organization) utilized as an example in the
embodiment of the present invention.

The organizational chart ORGCHART shown in FIG. 3
shows the structure of the organization of 13 people from the
workers W0 to W12. This organization includes a GROUP
A comprised of workers W1 through W7, and a GROUP B
comprised of workers W8 through W12. The worker W0 is
the overall organization leader including group A and group
B. Each group may also include further smaller groups
(called teams in this embodiment). In the example in FIG. 3
each group includes one or more teams. In the example in
FIG. 3, the group A includes a team Al comprised of
workers W2 through W4, and a team A2 comprised of
workers W5 through W7. The leaders of team Al and A2 are
respectively the workers W2 and W5. The group B includes
a team B1 comprised of the workers W9 and W10, and a
team B2 comprised of workers W11 and W12. The leaders
of the teams B1 and B2 are respectively the workers W9 and
WI11.

FIG. 4 is a drawing for describing the individual infor-
mation table TEAMINFO stored in the recording device
DB1 (FIG. 1) of the embodiment of the present invention.

Item such as each worker’s assigned section or post, job
rank and structural relation are stored in the individual
information TEAMINFO while linked to the identification
ID of each worker. Information on these workers is input
beforehand by a data viewer from the display device DISP1
and stored in the recording device DBI1. In the data in the
example in FIG. 4, the organizational data is stored in a
configuration as shown in the organization diagram
ORGCHART in FIG. 3.

information table TEAMINFO is
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The following data is for example stored in the individual
information table TEAMINFO shown in FIG. 4. The row
USERID stores the worker identification ID used for that
sensor node. The row UNAME stores the name of the
worker. The row GROUPID stores the ID identifying the
group to which the worker belongs. A NULL is stored for
workers not belonging to any group. A flag showing the
group leader is stored in the row GLEADER. Here, a 1 for
example is stored for a group leader and in all other cases a
0 is stored. An ID identifying the team to which the worker
belongs is stored in the row TEAMID. ANULL is stored for
workers not belonging to any team. A flag showing the team
leader is stored in the row TLEADER. Here, a 1 for example
is stored for a team leader and in all other cases a 0 is stored.
Information showing the job rank is stored in the row
POSID. For example, a 1 is stored for managers, a 2 is stored
for chiefs (sub-managers), and a 3 is stored for new employ-
ees. An identifying ID for the worker’s boss is stored in the
row SUPERIORID. ANULL is stored for workers who have
no boss or superior. An identifying ID for worker’s subor-
dinate is stored in the row FOLLOWERID. A NULL is
stored for workers who have no subordinate. Every time
these individual information tables are rewritten or
refreshed, information on the new and prior date is stored
and can be corrected while referring to an optional date
table.

This individual information table TEAMINFO shows
clear examples of related organizational information such as
for a company, including the group a person belongs to and
that person’s job rank hierarchy in the organization. How-
ever if applying the present invention to organizations where
the group or hierarchy is not clearly specified such as clubs
then just storing information showing the group that each
worker belongs to may be stored in the individual informa-
tion table TEAMINFO.

FIG. 5 is a flowchart showing the analysis and clarifica-
tion procedures implemented by the management server
SV1 of the embodiment of the present invention.

The individual information TEAMINFO has here been
converted to a team relational matrix TRM showing the
structural relation between two optional selected persons.
Processing (collect individual characteristics process CIC)
to analyze the related characteristic quantities of the indi-
vidual is then implemented along with face-to-face data,
acceleration data, and audio data acquired by using this team
relational matrix TRM and the sensor data. The related
characteristic quantity used here indicates the individual
person’s average communication trends such as to what
extent an individual communicates with his boss, and also to
what extent the individual actively engages in conversation
during that communication.

Specific related characteristic quantities and methods for
finding them are described later. These relation characteris-
tics quantities are known to strongly reflect how an indi-
vidual associates with other persons. Quantitatively deter-
mining these related characteristic quantities allows
estimating beforehand what type of relation will be estab-
lished at times such as when a team member has been
transferred for example for personnel placement or when the
members are the same but their mutual relation has change
(for example when a colleague has become a boss). When
one wants to estimate what type of relation or structural
relation will be established among members, that structural
relation is first input, and based on that input structural
relation, and the individual characteristics list ICL storing
that required related characteristic quantity, an a projected
relation estimate process PR is executed to create the
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estimated relation characteristics quantity list (or projected
relation characteristic matrix PRM). Each step is described
next in detail.

First of all, the step for converting the individual infor-
mation table TEAMINFO into a team relation matrix TRM
is described while referring to FIG. 6 and FIG. 7.

FIG. 6 is a drawing for describing the team relation index
TRI referred to in the embodiment of the present invention.

FIG. 7 is a drawing for describing the team relation matrix
TRM created by the management server SV1 of the embodi-
ment of the present invention.

The team relation matrix TRM shown in FIG. 7 stores the
team relation index TRI among optional two persons
extracted from individual information contained in the indi-
vidual information table TEAMINFO. The team relation
index TRI just as shown in FIG. 6 is utilized to show
information from the organization diagram shown in FIG. 3,
as relational information showing the relation between two
persons. Data stored here defines the relation between the
two persons on 2 axes, the hierarchical information indi-
cated by the vertical positional relation and group informa-
tion indicated by the lateral positional relation in the orga-
nizational diagram in FIG. 3.

Hierarchical information is broadly grouped into bosses
“s”, same level “p”, and subordinates “f’; and further finely
grouped by the closeness of those relations. In other words,
the system relational index for describing the relation
between that worker and another worker on the same level
is “p” as seen from that worker’s viewpoint. In the same
way, the relation between that worker and a boss one rank
higher than that worker; the relation between that worker
and a boss n ranks higher than that worker; and the relation
between that worker and a subordinate one rank lower; as
well as the relation between that worker and a subordinate
n rank lower are respectively described in the team relation
matrix TRM as, “s1”, “sn”, “f1” and “fn”.

In FIG. 3 for example, a worker W3 is a direct subordinate
as seen from the worker W3 so that the team relation index
TRI shows the relation between the worker W2 and the
worker W3 as seen from the viewpoint of worker W2 as
“f1”. On the other hand, W0 is a boss two ranks higher as
seen by worker W2 so that the team relation index TRI
shows the relation between the worker W2 and the worker
WO as seen by worker W2 as “s2”.

In the team relation matrix TRM (FIG. 7), the team
relation index TRI that describes the relation of each worker
as seen from the viewpoint of a worker identified by the user
identifier (USERID) on the vertical axis, is stored in the row
corresponding to each user identifier on the horizontal axis
for the line corresponding to that user identifier. As one
example of this arrangement, the user identifiers for workers
WO through W12 are respectively “0” through “12”. In other
words, “f1” showing the relation between the above worker
W2 and worker W3 is stored in the row corresponding to the
user identifier “3” on the horizontal axis, of the line corre-
sponding to the user identifier “2” on the vertical axis; and
the structural relation index “s2” showing the relation
between the worker W2 and worker W0 is stored in the row
corresponding to the user identifier “0” on the horizontal
axis, of the line corresponding to the user identifier “2” on
the vertical axis.

In one example, a team relation index TRI can be added
as modifier information showing whether two workers
belong to the same company group, belong to another team
in the same group or belong to another group. In the
examples in FIG. 6 and FIG. 7, if the two workers belong to
the same company group, then no modifier information is
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added, if the two workers belong to another team in the same
group then the modifier information “ot” is added, and if the
two workers belong to another group then the modifier
information “og” is added.

The worker W2 for example is seen as a direct boss in the
same group, from the viewpoint of worker W3 in FIG. 3 so
the team (structural) relation index TRI showing the relation
between the worker W2 and worker W3 is “s1” as viewed
by the worker W3. This “s1” is stored in the row corre-
sponding to the user identifier “2” on the horizontal axis, of
the line corresponding to the user identifier “3” on the
vertical axis (FIG. 7). The worker 5 is a boss one rank higher
in another team of the same group as seen by the worker W3
so the team (structural) relation index TRI showing the
relation between the worker W3 and worker W5 as seen
from the viewpoint of the worker W3 is “ots1”. This “ots1”
is stored in the row corresponding to the user identifier “5”
on the horizontal axis, for the line corresponding to the user
identifier “3” on the vertical axis (FIG. 7). The worker W9
and the worker W11 are bosses one rank higher of another
group as seen by the worker W3, so that the team relation
index TRI showing the relation of the worker W3 and
worker W9 as well as the relation of the worker W3 and
worker W11 as seen by the worker W3 are “ogs1” in either
case. This “ogsl” is stored in the row corresponding to the
user identifier “9” on the horizontal axis, for the line
corresponding to the user identifier “3” on the vertical axis;
and the row corresponding to the user identifier “11” on the
horizontal axis (FIG. 7).

Here, if for example the boss one rank higher on a rank
between the boss on the second higher rank and the worker
identified by the user identifier is no longer present, then the
team relation index TRI for the boss on the second higher
rank is set to F2. The matrix showing this system among an
optional two people in this way is the team relation matrix
TRM of FIG. 7.

As can be seen above, the team relation matrix TRM
stores information showing clearly predefined, clearly
changing relations (namely structural relations) rather than
relations among people belonging to an organization (sec-
tions and groups) and particularly relations established by
actual individual behavior, that change according to one’s
actions. In an organization such as a company for example,
the group that a person belongs to and each person’s job rank
within that hierarchy is clear, so information showing rela-
tions such as for those hierarchies and group (more specifi-
cally, information showing relation such as the group each
person belongs to, information showing the relation in terms
of each person’s position within the chain of command, and
information showing the relation of each person with the job
rank hierarchy, etc.) is stored within the team relation matrix
TRM. Examples of that individual relation information are
shown in FIG. 7.

The present embodiment utilizes a company where the
group and hierarchy are clearly defined as an example of
structural relations. However all of the elements of the above
matrix may be applied as the same structural index for
example for organizations such as clubs or associations
where there are no particular established groups and hier-
archies. Moreover if there is no data in the individual
information table TEAMINFO then the same structural
index may be utilized in the same way for all of the elements
in this team relation matrix TRM. The labeling for finding
the relation characteristic quantity between two people by
using this team relation matrix TRM is described later.
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The collect individual characteristics (also called indi-
vidual characteristic quantity extraction process) CIC of
FIG. 6 is described next.

FIG. 8 is a flowchart of the collect individual character-
istics CIC implemented by the management server SV1 of
the embodiment of the present invention.

First of all, the management server SV1 loads the face-
to-face data DIR (step 801), and makes a face-to-face
judgment (step 802) to generate a face-to-face list 1 as
shown in FIG. 9 (step 803).

The face-to-face list 1_900 shown in FIG. 9 includes a
time 901, a self-ID 902, face-to-face ID1_903, face-to-face
1D2_904, and a face-to-face 1D3_905.

The time 901 stores for example the time that the infrared
sensor for the name tag sensor node SNO detected a face-
to-face meeting between workers.

The self-ID 902 stores the ID of the receiver or namely the
identifier (ID) of the worker wearing the sensor node SN0
including the infrared sensor that detected the face-to-face
meeting.

The face-to-face ID1_903 stores the ID of the transmitter
or in other words, the ID of the other worker in the
face-to-face meeting detected by the infrared sensor.

If a face-to-face meeting with a plurality of workers was
detected at the same time, then the ID of those other workers
in the face-to-face meetings are sequentially stored in the
face-to-face ID1_903, face-to-face 1ID2_904, and a face-to-
face ID3_905. If each worker might possibly have a face-
to-face meeting with four or more workers then further rows
may be provided to store face-to-face ID such as a face-to-
face ID4 (not shown in drawings).

In the example in FIG. 9, a “2” and a “3” are respectively
stored in the face-to-face ID1_903 and the face-to-face
1D2_904 for the time “12:00” and the corresponding self-ID
“1”. These items indicate the worker identified by the ID “1”
(hereafter, also written as worker “1”” and the same for other
ID) had the face-to-face meeting with the workers “2” and
“3” at the time 12:00. These face-to-face is for example
detected by the infrared sensor of the sensor node SN0 worn
by the worker “1” receiving the infrared signal from the
sensor node SN0 worn by the worker “3” and the infrared
sensor node SNO worn by the worker “2”.

Next, the management server SV1 performs 2-person
interpolate for the face-to-face list 1 (step 804), and makes
a face-to-face list 2 (step 805).

This 2-person interpolate is described here. When the
workers 1 and J for example are meeting face-to-face, the
sensor node SNO worn by I is receiving the infrared signal
from the sensor node SN0 worn by J, however in some cases
the sensor node SNO worn by J might not be capable of
receiving the infrared signal from the sensor node SN0 worn
by I. In such cases data interpolation is performed. More
specifically, the management server SV1 loads the face-to-
face list 1, and copies the record of when the receiver J
received the infrared signal sent at a certain time from the
transmitter I, into a face-to-face list 2. Moreover, when there
is no record of when the receiver I received the infrared
signal sent from the transmitter J at that same time, then that
information is added to the face-to-face list 2. FIG. 10 shows
a face-to-face list 2 made in this way.

The face-to-face list2_1000 in FIG. 10 includes rows such
as the time 1001, self-ID1002, face-to-face ID1_1003, face-
to-face ID2_1004 and face-to-face ID3_1005. Each of these
items corresponds to the time 901, self-ID902, face-to-
facelD1_903, face-to-faceID2_904 and face-to-face
ID3_905 and so on in FIG. 9.
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The example in FIG. 9 shows that at “12:00”, the worker
“1” received an infrared signal from the worker “2” but that
the worker “2” is not receiving an infrared signal from the
worker “1”. In this case, due to some type of problem, the
sensor node SNO of the worker “2” failed to receive the
infrared signal from the sensor node SN0 of the worker “1”
even though the worker “1” was meeting face-to-face with
the worker “2”. The management server SV1 therefore adds
the time “12:00” of face-to-face list2_1000 and a “1” to the
face-to-face ID1_1003 corresponding to the self-ID “2”.

Likewise, if meeting three persons face-to-face, then
sending and receiving infrared rays between all pairs might
prove impossible among three people simultaneously meet-
ing face-to-face. The management server SV1 therefore
interpolates the face-to-face list 2_1000 data (step 806).
More specifically, the management server SV1 loads the
face-to-face list 2_1000, and copies that list to the face-to-
face list 3_1100. Further, when there is no record of the
transmitter K receiving the ID of the receiver L at a certain
time, even though there are records of a receiver (receiving
party) receiving the ID of the plural transmitters K and L at
that same time, then that information is added to the face-
to-face list 3 (step 807). The face-to-face list 3 made in this
way is shown in FIG. 11.

The face-to-face list 3 in FIG. 11 includes rows such as a
time 1101, a self-ID 1102, a face-to-face 1ID1_1103, a
face-to-face ID2_1104, and a face-to-face ID3_1105. These
items respectively correspond to the time 1001, self-1ID1002,
face-to-face ID1_1003, face-to-face ID2_1004 and face-to-
face ID3_1005.

The example in FIG. 10 shows that the worker “1”
received infrared signals from the worker “2” and worker
“3” at the time “12:00”, however the worker “2” did not
receive an infrared signal from the worker “3”, and that the
worker “3” did not receive infrared signals from the worker
“2”. In this case, even though the worker “1”, worker “2”,
and worker “3” actually met face-to-face, the sensor node
SNO of the worker “2” failed to receive an infrared signal
from the sensor node SN0 of worker “3” due to some reason.
Likewise, the sensor node SNO of the worker “3” failed to
receive an infrared signal from the sensor node SN0 of the
worker “2”. The management server SV1 therefore respec-
tively adds the time “12:00” of face-to-face list 3_1100 and
a “3” to the face-to-face ID2_1104 corresponding to the
self-ID “2”; and adds the time “12:00” and a “2” to the
face-to-face ID2_1104 corresponding to the self-ID “3”.

When making a face-to-face list, rather than simply
face-to-face meetings, the system can also judge just those
face-to-face meetings where some type of information was
exchanged. This judgment utilizes just those extracted face-
face meetings signifying the cases of sending information
such as “speak™ and receiving information such as “agree”
as meaningful face-to-face meetings. The management
server SV1 in this case loads the face-to-face list 3_1100,
and loads the acceleration information of the sender and
receiver for the same time that registration in the face-to-
face list 3_1100 took place from the acceleration data
DACC. Then, if the size of the sender and receiver accel-
eration signals and the frequency of the acceleration are
lower than a pre-established threshold, the management
server SV1 judges that only a face-to-face meeting occurred
between both parties with no important exchange of infor-
mation, and deletes the ID of the applicable sender and
receiver at the applicable time from the face-to-face list 3.

In FIG. 11 for example, one might perceive that three
persons, workers “1”, “2”, and “3” were face-to-face at
12:00. However, if the size of the acceleration signal and the
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acceleration frequency for these workers was at or below the
threshold then the management server SV1 estimates that
these three persons were merely at the same place, and that
no meaningful conference was held and this face-to-face
data may be deleted from the face-to-face list3. However,
the user can select whether or not to delete this information.

The management server SV1 next calculates the degree of
activity by the following method from the values of the
acceleration data RACC and the detection count RACDS for
acceleration data in the table DACCI that stores the accel-
eration information and the management server SV1 then
stores those results in an activity list (described later).

The technique for deciding whether each worker is in an
activity state or not, is described next. Taking positive action
at work allows gathering information from within and
outside the organization and promotes the forming of ideal
through energetic discussion. Some actions assumed in such
cases might include, “face-to-face meetings including ges-
tures as well as words” and “face-to-face meetings by
heading toward the location where the other party is pres-
ent”. The present inventors carried out experiments relating
to the activity and action (or movement) rhythm of such
users and the consequent results such as from video data,
and discovered that compared to other time bands, the time
band for active work has a high acceleration frequency.
During a conversation for example, the frequency compo-
nent rises from 2 Hz to 3 Hz. So here we judge the time band
where the acceleration frequency exceeds a specified (or
certain) threshold value as the activity state. A typical
acceleration frequency is 2 HZ or higher. This value of
course varies with the individual or type of job and so the
value can be changed to match the circumstances.

Referring again to FIG. 8, the flow for calculating the
degree of activity is described here. The initial acceleration
frequency calculation 809 is a process for finding the
frequency from the acceleration data 808 arrayed along a
time series. The frequency is defined as the number of wave
oscillations for one second or in other words is an index
expressing the intensity of the oscillations. The frequency
can be calculated using Fourier transforms but in the present
embodiment the zero-cross value equivalent (or correspond-
ing) to the frequency is utilized in order to simplify the
calculation. Utilizing this type of value lowers the server
processing load and is also effective in handling higher
server calculation load caused by increasing the number of
sensor nodes.

The zero-cross value is the number of times that a value
of the time series data reaches zero (or zero cross-point)
within a fixed period or more accurately is a count of the
number of times the time series data changed from a positive
value to a negative value, or from a negative value to a
positive value. For example, if the period in which the
acceleration value changes from positive to negative, until
the next time that value changes from positive to negative is
set as one cycle, then the number of oscillations per one
second can be calculated from the summed zero-cross count.
The oscillation count per one second calculated in this way
can be utilized as the approximate acceleration frequency.

The sensor node SNO of the present embodiment contains
a three-axis acceleration sensor so one zero-cross value can
be calculated by totaling the zero-cross values along three
axes within the same period. The sensor node can in this way
detect the fine pendulum movement in particular along the
front-back and the left-right directions, which can be utilized
as an index expressing the intensity of the oscillation.

A value larger than the consecutive data interval (namely,
the original sensing interval) may be set as the “fixed period”
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for counting the zero-cross value. The zero-cross value for
example can be found per second or a zero-cross value can
be found per minute.

Results from the acceleration frequency calculation 809,
zero-cross values for each time, and the number of oscilla-
tions in seconds calculated from that value are generated in
the memory as the acceleration list 810 or generated as a file.

The management server SV1 next executes activity deci-
sion 811 on this acceleration list 810. As already described
above, whether or not the worker is in the activity state in
each time band is judged based on whether the frequency of
the acceleration measured by the sensor node SN0 worn by
that worker has exceeded a certain threshold value or not.
More specifically, the management server SV1 scans the
acceleration list 810 along the time sequence, and inserts a
“1” in the judgment value as the activity state on the line
where the acceleration frequency exceeded the threshold
value, and inserts a “0” in the judgment value as a non-
activity state on the line where below the threshold value. An
activity list 1_812 is consequently generated that includes
results judged in seconds on whether or not the worker is in
the activity state in each time period.

Here, there are occasions when even if the acceleration
frequency in a short time band is below the threshold value,
the acceleration frequency in the prior and subsequent time
bands is above the threshold value (namely, the activity
state); conversely there are occasions when even if the
acceleration frequency in a short time band is above the
threshold value, the acceleration frequency in the prior and
subsequent time bands is below the threshold value (namely,
the non-activity state). Some mechanism is required to
remove this type of momentary noise.

Whereupon the management server SV1 next executes the
noise elimination 813 on the activity list 1_812. The role of
noise elimination for example in the time series
“0001000111111001111” occurring due to time series fluc-
tuations in the activity level found above, is to generate the
time series with momentary fluctuations removed by apply-
ing the before and after relation, for example the following
“0000000111111111111” time series. Applying this type of
noise elimination allows calculating an activity level that
takes the before and after relation on the time band into
account to obtain an activity level that more accurately
reflects the actual circumstances.

The process for removing noise can be implemented by
using a low-pass filter to remove high-frequency compo-
nents. However, a simpler method called the majority deci-
sion method is utilized here. In this method, each time band
from the beginning to the end of the time series sequence is
selected as one segment for judgment. Currently, the Ith time
band of activity list 1_812 is the target for judgment pro-
cessing. The management server SV1 here counts the num-
ber of activity state time bands, and the number of non-
activity (or inactive) state time bands relative to a total 2N+1
time band from the I-Nth time band to the I+Nth time band.
Here, if the number of activity state time bands is larger and
the Ith time band is not an activity state, then the manage-
ment server SV1 changes the Ith state to an activity state.
Conversely, if the number of non-activity state time bands is
larger, then the management server SV1 changes the Ith state
to a non-activity state.

Applying this method for example as N=2 to the
“0001000111111001111”  time series, generates the
“0000000111111111111” time series. If the N is small, then
only short time states before and after each time band is
reflected and the noise are removed; and if the N is large then
a longer time state is reflected and the noise is removed.
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Though the size of N depends on the person and the type of
work, a small N can be utilized to first remove short noise
and then a large N again utilized to remove somewhat longer
noise. Implementing the majority decision method in this
way reduces the amount of server calculations, and lowers
the processing load. Consequently, an activity list 2_814 is
generated that contains results judging in seconds whether or
not a worker is in the activity state in each time band.

This activity list 2_814 is data in second units however to
simplify the subsequent processing, the management server
SV1 can execute the period accumulation processing 815 in
order to calculate the activity level in longer time units. Here
is shown an example of calculating from an activity level in
seconds to an activity level in minutes. In one method, the
number of second for activity states in a one minute period
is summed and that one minute is seen as an activity state if
the summed figure exceeds a threshold value. If the rate of
seconds for activity states exceeded 50 percent for example
then that one minute may be seen as an activity state. The
management server SV1 then stores the degree of activity
for the worker calculated in this way into the activity list
3_816. If the worker was in an activity state after each one
minute of a time band or in other words, when estimated that
the worker is acting an in positive way then a value “1”
showing the degree of activity is stored; and if the worker
was in an inactive state or in other words if estimated that the
worker was not acting in a positive way then a value “0” is
stored.

The above activity state judgment was made based on the
acceleration frequency however a judgment may also be
made based on other information. Activity state judgments
for example may be made based on voice intensity. Even in
this case, the same procedures described above may be
applied except for utilizing voice intensity instead of the
acceleration frequency (zero-cross value).

FIG. 12 is a drawing for describing the activity list 3_816
of the embodiment of the present invention.

The activity list 3_816 shown in FIG. 12 includes rows for
a time 1201, a self-ID 1202, and an activity state 1203.

Atime representing each time band (e.g., a start point time
for each band) is stored in the time 1201. Information for
identifying the worker is stored in the self-ID 1202. Values
showing the degree of activity for each worker for each time
band are stored in the activity state 1203. A value “1”
indicating the activity state, and a value “0” indicating an
non-activity state are stored in the example in FIG. 12.

Next, the management server SV1 makes a relation char-
acteristics quantity matrix 818 that makes each two-person
relation into a numerical value. The relation characteristic
quantity is an index showing the status of a relation estab-
lished between two persons by activities in particular such as
face-to-face meetings and conversations. Various relation
characteristic quantities for the two-person relation as
described later on can be extracted from the face-to-face list
3_1100 and the activity list 3_816, and a relation character-
istics quantity matrix 818 can be made for storing these
extracted relation characteristic quantities by their type. The
following items are for example given as the relation char-
acteristic quantities. Here, an example describes the relation
between the worker W1 whose USERID is “1”, and the
worker W2 whose USERID is “2”.

One example of a relation characteristic quantity is the
2-person face-to-face time characteristic quantity (also
described as face-to-face characteristic quantity) showing
the time that the workers W1 and W2 met face-to-face, and
also how that time was configured by which of the workers

30

35

40

45

16

was active and to what extent. These characteristic quantities
are grouped as shown in the 2-person face-to-face time
matrix PCM in FIG. 13.

FIG. 13 is a drawing for describing the two-person
face-to-face time matrix PCM of the embodiment of the
present invention.

In this embodiment, the relation characteristic quantity is
calculated as the face-to-face time RCH1, the bidirectional
time RCH2, the pitcher time RCH3, the catcher time RCH4
and the sit-together time RCHS. These items are respectively
stored in the face-to-face time matrix RCHMM1, the bidi-
rectional time matrix RCHMM2, the pitcher time matrix
RCHMMS3, the catcher time matrix RCHMM4 and the
sit-together time matrix RCHMMS. The relation character-
istics quantity matrix is a general term for these matrices.

Each of the matrices stored as the relation characteristics
quantity matrix 818 is described next in detail.

The face-to-face time RCHI1 is an index showing to what
extent the two-persons (e.g. workers W1 and W2) within the
organization carried out just conversation during the target
period. More specifically, the face-to-face time RCH1 is
calculated by standardizing the time judged as face-to-face
meetings between the workers W1 and W2 during the target
period by the number of days for the target period while
referring to the face-to-face list 3_1100. The management
server SV1 calculates the face-to-face time RCH]1 for all two
person combinations within the organization and stores
those results in the face-to-face time matrix RCHMM1 as
shown in FIG. 15.

FIG. 15 is a drawing for describing the face-to-face time
matrix RCHMM]1 in the embodiment of the present inven-
tion.

In the face-to-face time matrix RCHMM]1 shown in FIG.
15, the “0” through “12” on the vertical axis and the
horizontal axis are ID for identifying each worker. The
numerical values stored in the corresponding ID on the
vertical axis and horizontal axis are the face-to-face time
RCH1 for the two persons identified by the respective ID.
The face-to-face time RCH1 corresponding to the ID “1” on
the vertical axis and the ID “2” on the horizontal axis for
example is “20”. This figure shows that the time per day that
the workers W1 and W2 met face-to-face during the target
period was 20 minutes.

The bidirectional time RCH2 is an index showing to what
extent the two persons actively conversed. The time for
example that the worker W1 was mainly active in the
conversation and the worker W2 was active in agreeing and
so on are equivalent to the bidirectional time RCH2. More
specifically, the bidirectional time RCH2 is calculated by the
following procedure. The management server SV1 first of all
specifies the time judged as the face-to-face time of workers
W1 and W2 during the target period while referring to the
face-to-face list 3_1100, and then sums the time judged that
the workers W1 and W2 were both active during the
specified time while searching the activity list 3_816, and
then standardizes that total time by the number of days in the
target period. The management server SV1 calculates the
bidirectional time RCH2 for all of the two-person combi-
nations in the organization and stores those results in the
bidirectional time matrix RCHMM?2.

The bidirectional time matrix RCHMM2 is omitted from
the drawings but the format is the same as the face-to-face
time matrix RCHMM1 (FIG. 15). In the bidirectional time
matrix RCHMM2 assuming for example that the bidirec-
tional time RCH2 corresponding to the vertical axis 1D “1”
and horizontal axis ID “2” is “5”, then among the 20 minute
time per day that the workers W1 and W2 met face-to-face
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during the target period (see FIG. 15), the bidirectional time
matrix RCHMM?2 shows that the time the workers W1 and
W2 were both active was five minutes.

The pitcher time RCH3 is an index showing to what
extent a worker (e.g. worker W1) took the lead in a face-
to-face meeting with the other part (e.g. worker W2) in terms
of conversation time. For example, the time that the worker
W1 was unilaterally active in conversing and the worker W2
listened quietly is equivalent to the pitcher time RCH3 for
worker W1. More specifically, the pitcher time RCH3 is
calculated by the following procedure. The management
server SV1 first of all specifies the time judged as the
face-to-face meeting time for worker W1 and W2 during the
target period while searching the face-to-face list 3_1100,
and then sums the time that the worker W1 was judged as
active and the worker W2 was judged as inactive during the
above specified time while searching the activity list 3_816,
and next standardizes that total time by the number of days
in the target period. The management server SV1 calculates
the pitch time RCH3 for all of the two-person combination
in the organization and stores those results in the pitcher
time matrix RCHMM3.

The pitcher time matrix RCHMM3 is omitted from the
drawings but the format is the same as the face-to-face time
matrix RCHMM1 (FIG. 15). Assuming for example in the
pitcher time matrix RCHMM3 that the pitcher time RCH3
corresponding to a vertical axis ID “1” and a horizontal axis
1D “2” is “10”, then among the 20 minute time per day that
the workers W1 and W2 met face-to-face during the target
period (see FIG. 15), the pitcher time matrix RCHMM3
shows the time the workers W1 was active and the worker
W2 was inactive (namely, the pitcher time RCH3 of worker
W1) was 10 minutes.

The catcher time RCH4 is the opposite of the pitcher time,
and is an index showing to what extent the other party (e.g.
worker 2) meeting face-to-face with a certain worker (e.g.
worker W1) took the lead during the conversation time.
More specifically, the catcher time RCH4 is calculated by
the following procedure. The management server SV1 first
of all specifies the time judged as the face-to-face meeting
time for worker W1 and W2 during the target period while
searching the face-to-face list 3_1100, and then sums the
time that the worker W2 was judged as active and the worker
W1 was judged as inactive while searching the activity list
3_816, and next standardizes that total time by the number
of days in the target period. The management server SV1
calculates the catcher time RCH4 for all of the two-person
combinations in the organization and stores those results in
the catcher time matrix RCHMM4.

The catcher time matrix RCHMM4 is omitted from the
drawings but the format is the same as the face-to-face time
matrix RCHMM1 (FIG. 15). Assuming for example for the
catcher time matrix RCHMMA4, that the catcher time RCH4
corresponding to a vertical axis ID “1” and a horizontal axis
1D “2” is “3”, then among the 20 minute time per day that
the workers W1 and W2 met face-to-face during the target
period (see FIG. 15), the catcher time matrix RCHMM4
shows the time that the worker W1 was inactive and the
worker W2 was active (namely, the catcher time RCH4 of
worker W1) was 3 minutes.

The sit-together time RCHS is an index showing to what
extent the two persons were carrying out an inactive con-
versation. The sit-together time RCHS is for example
equivalent to the state during a large conference with many
persons, where the participating workers W1 and W2 are
face-to-face but both are merely sitting and listening quietly.
The sit-together time RCHS5 is more specifically calculated
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by the following procedure. The management server SV1
first of all specifies the time judged as the face-to-face
meeting time for worker W1 and W2 during the target period
while searching the face-to-face list 3_1100, and next sums
the time that the workers W1 and W2 were both judged as
inactive during the above specified period while searching
the activity list 3_816, and then standardizes that summed
time per the number of days in the target period. The
management server SV1 calculates the sit-together time
RCHS for all of the two-person combinations in the orga-
nization and stores those results in the sit-together time
matrix RCHMMS.

The sit-together time matrix RCHMMS is omitted from
the drawings but the format is the same as the face-to-face
time matrix RCHMM1 (FIG. 15). Assuming for example
that the sit-together time RCHS corresponding to a vertical
axis ID “1” and a horizontal axis ID “2” is “2”, then among
the 20 minute time (see FIG. 15) per day that the workers
W1 and W2 met face-to-face during the target period, the
time that both the workers W1 and W2 were inactive is
shown as two minutes.

The above relation characteristic quantities were items for
indexing an absolute time per day however these relation
characteristic quantities can be utilized not only for absolute
times but also the rates for the face-to-face time as indices.
The bidirectional rate RRCH2, pitcher rate RRCH3, catcher
rate RRCH3, and sit-together rate RRCH4 are the rates that
the bidirectional time RCH2, the pitcher time RCH3, the
catcher time RCH3, and the sit-together time RCH4 are
respectively divided by the face-to-face time RCH1. These
characteristic quantity rates may also be stored in the
bidirectional percent matrix RRCHMM2, the pitcher rate
matrix RRCHMM3, the catcher rate matrix RRCHMM3,
and the sit-together rate matrix RRCHMM4 as items found
for an optional two people.

Another usage alternative rather than simply as a rate or
an absolute time for the activity state during the face-to-face
time, is as an index of the extent that mutual activity levels
are affecting each other, and this information can also be
utilized as the relation characteristic quantity.

The synchronicity degree RCH1 is an index for whether
another party and one’s own activity level are matched or in
synchronization with each other. A high degree of synchron-
icity signifies that the other party’s activity rhythm matches
one’s own activity thythm and that the relation is often seen
as long-term relationship and good mutual understanding.
Conversely, a relation with a low degree of synchronicity
signifies a relation where mutual communication is mostly
inconsistent or mismatched. In communication with a high
degree of synchronicity for example, though the worker W2
is in an inactive state such as a relaxed state, there is
conversely a low probability that the worker W1 will tran-
sition from a non-synchronous inactive state to an active
state. Conversely, when the worker W2 is excited and in an
active state while also using body and hand gestures, there
is a high probability that the worker W1 will transition from
a relaxed inactive state to the same type of excited state.

An index showing this synchronicity degree may utilize a
value showing to what extent the probability of a transition
in a worker’s activity state will affect the activity state of the
other party in the face-to-face meeting. Transition patterns
for these activity states are described while referring to FIG.
14.

FIG. 14 is a drawing for describing the transition patterns
in the activity state in the embodiment of the present
invention.
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Activity state transition patterns are four patterns for the
pre-state and post-state of one’s self-activity state and two
patterns each for the other party’s pre-state activity state for
a total of eight patterns such as ST11, ST12, ST13, ST14,
ST21, ST22, ST23, ST24 shown in FIG. 14. Here, “self”
implies a worker that is affected by the activity, and the
“other party” implies a worker whose activity applies an
effect to the “other party”. Consider for example the effect
that the worker W1 and worker W2 have on each other; here
the management server SV1 extracts the time bands where
the workers W1 and W2 are meeting continuously face-to-
face for two times, while searching the face-to-face list
3_1100, and extracts the activity states of the workers W1
and W2 for those two times from the activity list 3_816, and
judges which transition state these are from the eight tran-
sition states. For example, if the activity states of W1 and
W2 at 12:00 are {0,1} and the W1, W2 activity states at
12:01 are {1,1} then the effect that the worker W1 receives
from worker W2 is “self inactive, other party active” in the
pre-state, and “self active” in the post-state so that the
transition state of worker W1 is ST22. On the other hand, if
the worker W2 is receiving effects from the worker W1, and
the pre-state is “self active, other party inactive” and the
post-state is “self active” then the worker W2 state is ST23.
The management server SV1 counts the number of self-
occurrences of the transition states ST11, ST12, ST13,
ST14, ST21, ST22, ST23, and ST24 for the total continuous
face-to-face time. The synchronicity degree RCH6 is found
from the number of transition state self-occurrences using
the following formula (1). Results from finding the syn-
chronicity degree RCH6 between an optional two persons
are stored in the synchronicity matrix RCHMMS6.

STN22 STN21
STN12+STN22 ~ STN11 + STN21

RCH6 = W

In formula (1) the first term on the right side is the
percentage of transitions from “self inactive, other party
active” to “self active”; and the second term is the percent-
age of transitions from “self inactive, other party inactive”
to “self active”. If the worker W1 for example receives
absolutely no effects from the worker W2 activity state then
the first term and second term are assumed the same value
and in this case the value of synchronicity degree RCH6 is
0. The above description therefore shows that the larger the
synchronicity degree value RCH6 of worker W1 with the
worker W2, the easier for worker W1 to sustain affects from
the worker W2 activity state (in other words, in the case of
the worker W2 activity level, the worker W1 is more likely
to be at an active level due to sustaining this effect).

The synchronicity matrix RCHMMS6 is omitted from the
drawings but the format is the same as the face-to-face time
matrix RCHMM1 (FIG. 15). The synchronicity degree
RCH6 showing the effect that the worker W1 receives from
the worker W2 is for example stored in the field correspond-
ing to the vertical axis ID “1” and the horizontal axis ID “2”
of the synchronicity matrix RCHMMS.

In the process for finding the relation characteristic quan-
tity, the case where only the two persons, worker W1 and
W2 are simultaneously meeting face-to-face, and the case
where there are third parties other than workers W1 and W2
are handled using equivalent values. However, the presence
of a third party may in fact affect the states (e.g. activity
states) of the workers W1 and W2. In order to eliminate such
third party effects, the above relation characteristic quantity
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can be found by targeting just the two persons W1 and W2
among the face-to-face list 3.

The relation characteristics accumulation section 820 for
making the team relation characteristics list 821 that clusters
each person’s relation characteristics quantity per each
structural relation with the other party based on the relation
characteristics quantity matrix 818 is described next. Those
relation characteristic quantities showing individual charac-
teristics such as that a certain person requires sufficient
face-to-face time with his immediate boss but does not
require more time spent with immediate subordinates are
found, and this information is then stored in the team
relation characteristics list 821. A specific procedure for
calculating these types of relation characteristics quantities
is given below.

The management server SV1 utilizes the previously found
relation characteristics quantity matrix 818 and the team
relation matrix 819 to make the team relation characteristics
quantity list 821 show what type of relation an individual has
contrived for system relations with each person. Among
these relation characteristic quantities, an example is
described using the face-to-face time RCH1. According to
the team relation matrix TRM (FIG. 7), the direct subordi-
nates F1 of worker W2 are for example are the workers W3
and W4. According to the face-to-face time matrix
RCHMM1 (FIG. 15), the face-to-face times RCH1 of
worker W2 with the workers W3 and W4 are respectively 12
minutes and 10 minutes. The face-to-face time of worker W2
with the direct subordinates F1 stored in the team relation
characteristics list 821 is therefore 11 minutes after taking
the average of 10 minutes and 12 minutes.

FIG. 16 is a drawing showing the team relation charac-
teristics list of the embodiment of the present invention.

The relation characteristics quantities for each person in
each structural relation are summarized as shown above and
stored in the team relation characteristics list TRCL (equiva-
lent to team relation characteristics list 821 in FIG. 8). This
team relation characteristics list TRCL is comprised of a
USERID section 1701 to store the identifier of each user
(worker), and a team (also called structure) relation charac-
teristics section 1703. Each line corresponds to each person
(e.g. workers W0 through W12), and relation characteristics
quantities for the structural relation between each person and
another person are stored in each row of the structural
relation characteristics section 1703. The above description
utilized the face-to-face times RCH1 with the direct subor-
dinates F1 as an example but relation characteristics quan-
tities such as the pitcher time RCH3, catcher time RCH4,
bidirectional time RCH2, sit-together time RCH5 and syn-
chronicity degree RCH6 may be summed for each structural
relation such as with the direct subordinates F1, 2 ranks
lower subordinate F2, direct boss S1 and so on, and stored
in the team relation characteristics list TRCL.

In the above example, the relation characteristic quantity
for each structural relation was found by calculating the
average relation characteristic quantity of the other party in
the same structural relation but distribution characteristics
other than the average such as the maximum value, mini-
mum value, mode value, center value, and quartile value
may also be calculated as relation characteristic quantities
for each structural relation.

The time analysis section 822 in FIG. 8 calculates char-
acteristic quantities for persons acquirable from sensor node
SNO other than during a face-to-face meeting analyzed in the
relation analysis section 817. For example, the sensor SN0
wear time and non-wear time measured from the wear
information of sensor SN0, and the activity time and non-
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activity time during a non-face-to-face measured from the
face-to-face list and activity list 3 and so on can be calcu-
lated. These characteristic quantities are stored in the time
characteristics quantity list 823 in the same format as the
team (or structural) relation characteristics quantity list 821.
The management server SV1 makes an individual charac-
teristics quantity list 824 by combining the team relational
characteristics quantity list 821 with the time characteristics
quantity list 823.

FIG. 17 is a drawing showing the individual characteris-
tics list of the embodiment of the present invention.

The individual characteristics list ICL in FIG. 17 (equiva-
lent to the individual characteristics quantity list 824 in FIG.
8) is a list that clusters the team relation characteristics list
TRCL and time characteristics quantity list 823 for each
user. This individual characteristics list ICL is comprised of
a USERID section 1701 storing the identifiers for each user
(worker), time characteristic section 1702 corresponding to
the time characteristics quantity list 823, and the structural
relation characteristics section 1703 corresponding to the
team relation characteristics list TRCL (821).

The projected relation estimate process PR (FIG. 5) is
described next.

FIG. 18 is a flowchart of the projected relation estimate
process PR executed by the management server SV1 of the
embodiment of the present invention.

Here, one can see a procedure where the user inputs the
organization structure table needing an estimate, and esti-
mate of how the relation between each two person changed
in the applicable structure is made, the estimated results are
visualized, and those results are fed back to the user. The
user decides whether or not to change the structure any
further based on this feedback information, and this process
continues until a structure is established. An example for the
case where the relation characteristic quantity estimated in
detail for each process is the face-to-face time is described
next.

In the coeflicient learning section 1801, the management
server SV1 implements learning for estimating the relation
characteristics quantity. This process is described later on in
detail (See FIG. 19).

In the current organization structure acquire section 1802
of FIG. 18, the management server SV1 acquires the current
organization information from the individual information
table TEAMINFO, and stores this information in the esti-
mated individual information table TEAMINFO2. The esti-
mated individual information table TEAMINFO2 is omitted
from the drawings but the format is the same as the indi-
vidual information table TEAMINFO. The contents of the
estimated individual information table TEAMINFO2 are
identical to the individual information table TEAMINFO
immediately after executing the current organization struc-
ture acquire section 1802.

In the current organization structure display section 1803
of FIG. 18, the management server SV1 display the current
organization structure information acquired from the indi-
vidual information table TEAMINFO. More specifically, the
management server SV1 may show a text display of the
individual information table unchanged such as in FIG. 4,
and may display a network graph with the structural rela-
tions as an edge, and the persons set as nodes as in FIG. 3,
and may also display tactile information such as braille or
audio information including voice information.

In the current relation characteristics quantity display
section 1804 of FIG. 18, the management server SV1
displays two-person relation characteristics quantity values
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obtained from the relation characteristics quantity matrix for
the current organizational structure on the display unit
DISP1.

FIG. 20 is a drawing of the relation characteristic quantity
display diagram MCD shown on the display unit DISP1 of
the embodiment of the present invention.

FIG. 20 shows a specific example of a current two-person
relation characteristics quantity for the organization in FIG.
3, displayed superimposed in the organization chart showing
on the structural relation within the organization. The
example here shows the face-to-face time RCHI1 as the
characteristic quantity so the current actual value of the
face-to-face time RCH1 acquired by the sensor is expressed
here as the edge.

The edge thickness depends on the actual value of the
face-to-face time RCH1 and the longer the time, thicker the
edge that is displayed. The intensity of the two-person
relation the relation the example in FIG. 20 expressed a
certain two person face-to-face time RCH1 that was below
a threshold value not by narrowing the edge extending
between the two persons, but by not displaying the edge.
Also, in order to emphasize the difference between the actual
value and the assumed structure, a relation between the
direct boss/subordinate in a structure where the face-to-face
time RCHI1 is below the threshold value is displayed as a
broken (dotted) line at the edge between the two persons
(edge 2001); and a relation between the two persons where
the face-to-face time RCH1 is above a threshold value even
though there is no direct boss/subordinate in the structure is
displayed by extending a double-line edge between them
(edge 2002).

Besides the above methods, other methods for emphasiz-
ing the edge may include methods to change the line shape
or the color. Non-directional characteristic quantities for the
face-to-face time RCH1 were utilized in this example how-
ever for directional indices such as the pitcher time RCH3,
may also express the degree of validity by arrows or line
width.

Another example for displaying the value of the two-
person characteristic quantity is described here.

FIG. 21 is a drawing for describing the spring network
diagram SNT shown on the display unit DISP1 of the
embodiment of the present invention.

A two-person relation may also be displayed as shown by
the spring network diagram SNT in FIG. 21, that uses a
spring model for the attraction force between nodes corre-
sponding to each worker for expressing the relation charac-
teristic quantity matrix values (e.g. relation characteristic
quantities such as the face-to-face time RCH1) rather than
utilizing a placement that is dependent on the structural
relation. This method is capable of emphasizing the actual
relation. Advantages of using the spring network diagram
SNT are that discovering groups differing from the structural
diagrams such as the group 2010 and persons separate from
the organization such as the node 2012 is easy without using
structural information.

In the organization structural change acquisition unit 1805
process, the management server unit SV1 acquires current
organization structural change requests from the user as
queries. The case where the user has requested interchanging
the worker W5 and W9 structural positions is described here.
Interchanging the structural position is equivalent to swap-
ping the structural relation of the two persons, and more
specifically is equivalent to interchanging the user names
and ID of the two persons in the individual information table
TEAMINFO (or the estimated individual information table
TEAMINFO2). The user inputs information for example by
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the following method. The user may input partial informa-
tion showing the structural position of the workers W9 and
W5 to swap, from an input/output PC1 by making entries
onto the command line. The user may also employ a
graphical operation if a structural change input diagram such
as shown in FIG. 22 is displayed, by using a GUI to select
and to shift the nodes corresponding to the displayed work-
ers W9 and W5 by way of the input/output PC1 and the
display unit DISP1 as shown in the procedure 2202. The user
may also make a batch registration from the input/output
PC1 of the information for all organization members after
the change.

FIG. 22 is a drawing for describing the structural change
input diagram displayed on the display unit DISP1 of the
embodiment of the present invention.

The structural change input diagram prior to entering the
structural change the user wants to implement is for example
identical to the organization chart ORGCHART shown in
FIG. 3. Here, when the user wants to estimate the commu-
nication patterns (e.g. face-to-face times for an optional two
people within the organization after swapping) for inter-
changing the worker W9 and W5 structure positions, the
user performs a graphical operation to interchange (proce-
dure 2202) the symbols showing the workers W9 and W5
shown on the display unit DISP1. The input of the worker
W9 and W5 structure positions for swapping is performed in
this way. An organization chart 2201 showing the inter-
changed positions of workers W9 and W5 is then subse-
quently displayed.

In the new organizational structural calculation unit 1807
process in FIG. 18, the management server SV1 reflects the
above acquired change sections in the organization struc-
ture, into the estimated individual information table TEAM-
INFO2. For example, if a query was acquired from the
input/output PC1 about interchanging the worker W9 and
W5 structural positions per the organization structural
change acquisition unit 1805 process, then the management
server SV1 swaps the contents on the line corresponding to
the worker W5 and the contents of the line corresponding to
the worker W9 in the estimated individual information table
TEAMINFO?2 the same as in FIG. 4, or in other words swaps
the GROUP-ID through GROUP-FOLLOWERID organiza-
tion structural information while leaving the USERID and
UNAME. Consequently, “B”, “0”, “B1”, “1”, “3”, “W8” and
“W10” are respectively stored in the GROUP-ID through
GROUP-FOLLOWERID corresponding to USER-ID “5”
and UNAME “W5”; and an “A”, “0”, “A2”, “17, “3”, “W1”
and “W6, W7” are respectively stored in the GROUP-ID
through GROUP-FOLLOWERID corresponding to USER-
ID “9” and UNAME “W9”. Moreover, the management
server SV1 changes the “W5” stored on other lines to “W9”,
and changes the “W9” stored on other lines to “W5”.

The management server SV1 makes the estimated team
relation matrix TRM2 by utilizing the estimated individual
information table TEAMINFO2. This estimated team rela-
tion matrix TRM2 is omitted from the drawings but is the
same format as the team relation matrix TRM. The team
relation matrix TRM2 is formed based on the estimated
individual information table TEAMINFO2 using the proce-
dure described while referring to FIG. 7.

In the coefficient acquisition unit 1808 process in FIG. 18,
the management server SV1 acquires the coefficient that was
learned in the learn coefficient process 1801. However, as
described later on, if the learn coefficient process 1801 was
omitted then a prepared coefficient (e.g. a parameter
acquired in advance in another organization, etc.) is
acquired.
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In the estimated relation characteristic quantity calculator
unit 1809 process in FIG. 18, the management server SV1
calculates the relation characteristic quantities among two
persons using the estimated team relation matrix TRM2 that
was provided and the pre-stored individual characteristic list
ICL (FIG. 17). The relation characteristic quantity is
described here utilizing the face-to-face time. The descrip-
tion here covers the case where one wants to estimate the
resulting relation between a transferred worker W9 and the
worker W1 serving as the new boss.

The management server SV1 makes an individual char-
acteristic quantity vector V for each person based on the
individual characteristic list ICL. The management server
SV1 stores a 1 in the first element of the individual char-
acteristic quantity vector V and subsequently stores all the
indices for the individual characteristic list in the elements.
The management server SV1 estimates to what extent the
face-to-face time will become when for whatever the two-
person relation has become by utilizing the individual char-
acteristic quantity vector V. Here, the estimate method for a
linear type is described.

@

Here, V;; denotes the individual characteristic quantity
vector V for the worker W1; V ,° denotes the transfer vector
for the individual characteristic quantity vector V; and S, o
denotes the individual characteristic quantity reciprocal
matrix. This individual characteristic quantity reciprocal
matrix is a matrix for finding the compatibility of the
individual characteristic quantity vectors for the workers W1
and W9. The products of the individual characteristic quan-
tity vector elements are required as shown in formula (3).

S(l,Q)ZVWl'VWgt

1 Vw1 3)

Vwon

Vi Vwii#Vwor ... VwiixVwon

S =

Vv Vwiwv=Vwor .. Vwiw=Vwoy

The face-to-face time for the workers W1 and W9 is
basically determined by the S, 4 calculated from the indi-
vidual characteristics of workers W1 and W9. However, the
face-to-face time is also affected in no small way by whether
there was an interview in the past between W1 and W9.
Whereupon the estimated time R ; being sought is obtained
by finding the sum of the terms of each element in S, 5, and
the terms in the worker W1 and W9 past face-to-face time
MT, ; as shown in formula (4). The face-to-face MT, g is
equivalent to the elements in the row corresponding to ID
“9”, of the line corresponding to ID “1” in the face-to-face
time matrix RCHMMI1. Here, the coefficient matrix A and
the coefficient B are the coefficients that affect the face-to-
face time of each term.

R 1,9:2<1,1>A1J'S(1,9)U+B MT 4 4)

This coefficient matrix A and coefficient B are different for
each two-person relation shown in FIG. 6. A method for
deriving these items is described in detail later on. The
formula 5 shows a specific example of the formula (4). Here,
the results from implementing the learn coefficient process
1801 and the face-to-face time of the direct boss and
subordinate are estimated after determining: the element of
how much average face-to-face time the boss takes with
subordinate that is one rank lower, the element of what
percent of the time the boss is listening (catcher rate) during
a face-to-face meeting with subordinate one rank lower, the
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element of what percent of the time the boss is actively
speaking (pitcher rate) during a face-to-face meeting with
subordinate one rank lower, and the element of past face-
to-face meeting time between the two persons; and are then
estimated.
R, 9=0.1*Vyy (face-to-face time with subordinate one
rank lower)+40* V7 (catcher rate with subordi-

nate one rank lower)* ¥y (pitcher rate with

superior one rank higher)+0.2*MT 4 (5)

Here, V5, (face-to-face time with subordinate one rank
lower) denotes the face-to-face time RCH1 with the (direct)
subordinate one rank lower than worker W1. The V,,
(catcher rate with subordinate one rank lower) denotes the
percentage of catcher time among the face-to-face time
RCH1 between worker W1 and the subordinate one rank
lower. These items can be read from the line for the Self ID
“1” of the individual characteristic quantity list ICL (FIG.
17) or can be calculated from the values that were read. The
Vo (pitcher rate with boss one rank higher) in the same
way, is the percentage of pitcher time among the face-to-face
time RCH1 between the worker W9 and the boss one rank
higher. This item can be calculated from values read out
from the line for Self ID “9” of the individual characteristic
quantity list ICL.

The management server SV1 finds all the two-person
estimated face-to-face times in the same way and stores
these times in the estimated face-to-face time matrix R (not
shown in drawing). This estimated face-to-face time matrix
R is equivalent to the projected relation characteristics
matrix PRM in FIG. 5. The estimated face-to-face time
matrix R is omitted from the drawings but the format is the
same as the face-to-face time matrix RCHMMI.

The estimated relation characteristic display process 1810
is a process for feeding back the estimated results to the user.
The expression method may be identical to the current
organizational structure display unit 1804 process. Here
however, the node expressing the transferred person may
also be emphasized by the use of hatch marks or colors and
the change in the face-to-face quantity due to the transfer
may also be shown by emphasizing the edge thickness,
color, shape or flashing point in order to focus attention on
the change point or changed effect.

The change decision unit 1811 process allows the user to
check the results output by the estimated relation character-
istic display process 1810, and is a process to decide whether
to perform further changes or not. User judgment results can
be acquired by CUI, GUI or voice, can be returned to the
organization structure change acquisition process if there are
additional changes, and if there are no additional changes
then the change decision unit 1811 process terminates the
flow of the projected relation estimate process PR.

The relation characteristic quantity for estimation here is
not limited to the face-to-face time, and all of the charac-
teristic quantities stored in the relation characteristics quan-
tity matrix may serve as a quantity for estimation. The
management server SV1 for example may calculate the
estimated bidirectional time and estimated pitcher time and
so on by the same methods as described above, and store
those results in the projected relation characteristics matrix
PRM such as the estimated bidirectional time matrix (not
shown in drawing), estimated pitcher time matrix (not
shown in drawing), etc.

FIG. 19 is a flowchart of the coefficient learning process
executed by the management server SV1 of the embodiment
of the present invention.

FIG. 19 shows in detail the learn coefficient process 1801
process flow in the projected relation estimate process PR.
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In order to estimate the communication pattern (e.g. face-
to-face time for an optional two persons) after the relational
estimate process PR in this process made a final change in
the organization structure; this process utilizes the change
such as occurs in the face-to-face quantity when there was
a past structural change in the applicable organization, to
learn the coefficient B and the coefficient matrix A serving
as the estimation parameters in the formula (4) for the
organization. This process is necessary when one needs to
reflect characteristics for each organization or when one
needs to raise the estimation accuracy however this process
might not always prove necessary in cases where utilizing
good parameters obtained in advance from other organiza-
tions without performing learning. If performing learning,
then perform the learning by utilizing sensor data from
before and after the structural change was made in the
applicable organization. A specific example of estimating
the face-to-face time between a subordinate and direct boss
is described next.

In the structural change acquisition process 1902 in FIG.
19, in order to perform learning before and after a structural
change was made, the management server SV1 acquires the
period where an actual structural change was made in the
past. More specifically, the period in which the individual
information table TEAMINFO (1901) was rewritten is the
period where the structural change occurred and so is
acquired from the individual information table TEAMINFO
change log. In order to ensure the purpose for utilization, no
errors such as simple table operating errors are allowed to
remain in the change log.

In the extract individual characteristics quantity before
and after structural change process 1906 in FIG. 19, the
management server SV1 outputs the pre-structural change
individual characteristics quantity list ICL. (1907) and the
post-structural change relational characteristics quantity
matrix (1908). This step is basically the same as the collect
individual characteristic process CIC in FIG. 8. However,
this process makes use of the sensor data from before the
structure was changed (e.g. face-to-face data 1903, accel-
eration data 1904 and voice data 1905, etc.) to calculate
results per the pre-structural change individual characteris-
tics list ICL, and makes calculations utilizing sensor data
from after the structure was changed for the post-structural
change relational characteristics quantity matrix.

In this process, an optional period ANT can be set for
calculating the post-structural change relational characteris-
tics quantity matrix. This period can be set for example to
utilize data from one day to one month after the change was
made. When long-term data is needed, the period ANT can
be set from a short period to a long period by setting so as
to utilize data from six months to a year after the change was
made, and the communication pattern then estimated after
the optional time has expired.

In the relational analysis process 1909 in FIG. 19, coef-
ficient matrix A and coefficient B learning is performed by
utilizing the pre-structural change individual characteristics
quantity list ICL and post-structural change relational char-
acteristics quantity matrix. More specifically, the process by
way of this structural change is described using the struc-
tural change shown in FIG. 29 as an example.

FIG. 29 is a drawing for describing the structural change
in the embodiment of the present invention.

The post-structural change organization chart 2902 is
identical to the chart shown in FIG. 3 so a description is
omitted here. The structural change shown in FIG. 29 is the
interchanging of the worker W2 and W5 structural positions,
and moreover the interchanging of the worker W9 and W11
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structural positions. Therefore, except for the structural
positions of the workers W2, W5, W9 and W11, the pre-
structural change organization chart 2901 is identical to the
post-structural change organization chart 2902.

In the relational analysis process 1909, the management
server SV1 first of all extracts the structural relations for
learning. The example used here is the case where estimat-
ing the face-to-face time of the worker W1 and W9 serving
as the direct boss and subordinate so among the twelve
combinations of direct boss-subordinate relations in the
organization shown in the post-structural change organiza-
tion chart 2902 in FIG. 29 comprised of: {W0, W1}, {W0,
w8}, {41, W2}, {W1, W5}, {W8, W9}, {W8, W11}, {W2,
w3}, {w2, W4}, {W5, W6}, {W5, W7}, {W9, W10},
{W11, W12}, there were ten relations altered by the present
structural change (including workers whose structural posi-
tion changed due to the present structural change as follows:
w1, w2}, {w1, W5}, {W8, W9}, {W8, W11}, {W2, W3},
{W2, w4}, {W5, W6}, {W5, W7}, {W9, w10}, {W11,
w12}

The management server SV1 performs coefficient matrix
A and coeflicient B learning per formula (4). The learning
example shown here is here linear multiple regression
analysis. In this case, the least-squares method was imple-
mented using applicable pairs in the post-structural change
characteristic quantity matrix (namely the workers W1 and
W9) as the response variables, and using applicable pairs for
each element of the individual characteristics quantity recip-
rocal matrix as the explanatory variables. Among analysis
results for each coefficient, the coefficients for each element
in the post-structural change characteristic quantity matrix
were the coefficient matrix A, and coefficients for the
face-to-face time was the coeflicient B. In the example here,
the coefficient learning was based on a one-time structural
change however in actual analysis, the coefficient matrix A
and the coefficient B are determined by performing the
above multiple regression analysis using all of the structural
change data acquired in the structural change acquisition
1902.

The relation coefficient matrix A and the coefficient B
determined in this way show to what extent a relation
characteristic quantity (e.g. the face-to-face time RHC1) for
two-persons after a past structural change is dependent on
the characteristic quantity (e.g., relation characteristic quan-
tity stored in relational characteristics section 1703, sensor
wear time stored in the time characteristic section 1702, and
so on, as well as the past face-to-face time MT for two
persons and so on, or their product) for two persons prior to
the applicable structural change. Therefore, by applying the
relation coefficient matrix A and the coefficient B to char-
acteristic quantities relating to the behavior of the currently
measured worker, one can estimate how the relation char-
acteristic quantity of the two persons will change due to the
upcoming structural change.

The formula (5) for example is equivalent to the case
where the coefficients contained in the relation coefficient
matrix A are set as a coefficient “0,1” for V5, (pitcher rate
with boss one rank higher) and a coefficient “40” for
VXV o (catcher rate with subordinate one rank lower);
and a coeflicient B is set as “0,2”. These coeflicients show
that the two person face-to-face time for a direct boss-
subordinate relation is most greatly dependent on the prod-
uct of the catcher rate with a one rank lower subordinate and
the pitcher rate with a one rank higher boss, and moreover
is slightly dependent on the face-to-face time with a one rank
lower subordinate, and the past two person face-to-face time
in the applicable direct boss-subordinate relation; and is not
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dependent at all on other characteristic quantities (or only
slightly dependent at a level small enough to be ignored).

The above example determined the coefficient by using
the least-squares method; however, the coefficients may also
be determined by an optional machine learning method other
than the least-squares method.

FIG. 23 is a drawing of the estimated results diagram
shown on the display unit DISP1 of the embodiment of the
present invention.

The estimated results diagram SR1 is a first display
example shown on the display unit DISP1 for the estimated
relation flow (FIG. 18) from the estimated relation charac-
teristic display process 1810. The estimated results diagram
SR1 includes the post-structural change organization chart
2201, and also includes an enhanced display using hatching
2301 for example to show the change in the structural
positions of workers (in this example, worker W9 and W5)
after the structural change. Moreover, this first display
example also shows estimated results for relation character-
istic quantities (e.g. face-to-face time RCH1) between work-
ers in the organization after the structural change that were
calculated using the formula (4) (or formula (5) serving as
a specific example of formula 4)). These estimated results
may be displayed overlapped onto the organizational chart
for example by way of the thickness of the edge 2302 the
same as in FIG. 20. In comparing the example in FIG. 23
with the example in FIG. 20, one can see that making the
structural change is estimated to increase the face-to-face
time between the subordinate and boss in team A2, and the
face-to-face time between the group B leader and the team
B leader in both cases.

FIG. 24 is a drawing of the estimated results diagram SR2
including a display of the estimated productivity shown on
the display unit DISP1 of the embodiment.

The estimated results diagram SR2 is a second display
example shown on the display unit DISP1 of the estimated
relation flow (FIG. 18) from the estimated relation charac-
teristic display process 1810. Here, individual productivity
can be estimated from the network index after understanding
the network structure for the face-to-face meeting within the
organization as described in the literature by; Lynn and
others, “Mining Face-to-Face Interaction Networks Using
Sociometric Badges: Evidence Predicting Productivity in IT
Configuration”, International Conference on Information
Systems (France), Dec. 14, 2008. Along with the estimated
face-to-face time within the organization, FIG. 4 shows a
method for displaying the predicted productivity of the
organization that utilizes cohesion which is one network
index. This cohesion is described later on (FIG. 28). In
addition to the organization chart 2401 displaying the rela-
tional characteristic quantities the same as in the estimated
results diagram SR1, the estimated results diagram SR2 also
includes a graph 2402 showing in what way the cohesion in
each group changed due to structural change. The graph
2402 for example displays the pre-structural change produc-
tivity (namely, cohesion) 2404 of group A and the predicted
productivity 2403 after the structural change. The example
in FIG. 24 predicts that the productivity of group A will
improve after the structural change. These estimated results
therefore allow knowing whether the applicable structural
change will be good for each individual group, and whether
an overall balance is achieved.

FIG. 28 is a drawing for describing the cohesion utilized
as an index for productivity in the embodiment of the present
invention.

Cohesion is an index showing the degree to which a
person i and the persons surrounding the person i are
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mutually linked with each other. Here, “surrounding the
person i~ signifies the scope of the persons directly linked
with the person i within the network of the entire organiza-
tion, and in network analysis terminology this is referred to
as the “Egocentric network”.

FIG. 28 shows examples of the egocentric network for the
person i extracted from the organization network. Here,
when there is no link whatsoever with the persons surround-
ing the person i, then the network is comprised of a star
configuration centering on the person i, and in this case the
cohesion is low (FIG. 28A). However when there are mutual
links with all the persons surrounding person i then the
network is comprised of a mesh configuration, and in this
case the cohesion is high (FIG. 28B).

A method for calculating the cohesion Ci of a person is
shown in formula (6). The degree Ni denotes the number of
persons linked to the person i. Indirect links indicate those
links not directly connected to the person i. In an egocentric
network, adding one indirect link adds one triangle between
the three persons comprised of the person and another two
persons (FIG. 28C). In other words, the maximum number
of indirect links [.i_Max within the egocentric network for
person i is the maximum number of triangles that the person
i can form, and the actual number of direct links Li expresses
the actual number of triangles around person i. Adding a 1
through (Ni-1) to the share of triangles signifies a cohesion
Ci that is an average number of links (including links with
the person i) within the egocentric network where the person
i and (other) persons are linked. A degree of 0 or 1 indicates
the cohesion is set to 1. If finding the cohesion for a team,
group, or organization rather than an individual, then a figure
found from averaging each of the individual teams, groups
and so on may be used.

©

Ci #(Ni—D)+1

L
~ Li_MAX

Research performed by the present inventors when inves-
tigating the quality of business reports and cohesion time
changes within an organization revealed that in a half-year
period, the creativity index of the business reports was
improved 1.8 in the same period that cohesion improved 1.5
times. Cohesion and high productivity are therefore reported
as having a positive correlation. Cohesion is therefore effec-
tive when utilized as a marker for evaluating organizations.

FIG. 25 is a drawing of the estimated results diagram SR3
including the display of the change in the estimated produc-
tivity shown on the display unit DISP1 of the embodiment
of the present invention.

The estimated results diagram SR3 is a third display
example shown on the display unit DISP1 of the estimated
relation flow (FIG. 18) from the estimated relation charac-
teristic display process 1810. The estimated results diagram
SR3 includes a graph 250 displaying results from estimating
how organization cohesion will be changed due to structural
changes, as well as an organization chart 2501 displaying
characteristic quantities the same as in the estimated results
diagram SR1.

Time-related changes in an organization cohesion over
time can be estimated by altering the number of days in the
period ANT for learning in the learn coefficient process
1801. Setting the learning period for example to the first one
month, next one month, and further next one month, after a
past structural change, where each period is shifted one
month each gives an estimate parameter set (namely the
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coeflicient matrix A and coefficient b) for each respective
period. Utilizing each of these parameters allows estimating
the state one month, two month, and three months after the
structural change. If the cohesion can be calculated based on
the state of the organization predicted in this way for each
period then then changes in cohesion occurring along a time
series can be predicted.

Further, a specified number of elapsed days after a struc-
tural change can be displayed as shown in the relation
characteristic quantity organization chart 2503 by utilizing
the bar 2503 to change the number of days after the
structural change. In FIG. 25, the bar 2503 is specifying 30
days elapsing after a structural change and so the relation
characteristic quantities predicted to occur 30 days after the
structural change can be displayed in the relation character-
istic quantity organization chart 2501.

FIG. 26 is a drawing for describing the estimated results
diagram SR4 including a display of the probability width for
the estimated probability shown on the display unit DISP1
of the embodiment of the present invention.

The estimated results diagram SR4 is a fourth display
example shown on the display unit DISP1 of the estimated
relation flow (FIG. 18) from the estimated relation charac-
teristic display process 1810. In addition to the organization
chart 2601 displaying the relational characteristic quantities
the same as in the estimated results diagram SR1, the
estimated results diagram SR4 also includes a graph 2602
showing the probability width of the estimate results for
organization cohesion. In the estimated results diagram SR1,
when a two-person estimated face-to-face quantity (e.g. the
estimated face-to-face time RCH1) exceeded a preset thresh-
old then those two persons were judged as linked, and a
network index was calculated based that result. Here how-
ever, the estimated face-to-face quantity also signifies the
inclusion of a probability width. In actual usage, the process
randomly varies each two-person estimated face-to-face
quantity at a specified width and specified count (e.g. 10
time at a 30% rise or drop in width), successively records the
cohesion for each of those results, and displays the average
value, xlovalue, maximum value, and minimum value
distribution for those results, as the estimated probability in
a box plot.

FIG. 27 is a drawing for describing the estimated results
diagram SRS corresponding to the plural selected states
shown on the display unit DISP1 of the embodiment of the
present invention.

The estimated results diagram SR5 is a fifth display
example shown on the display unit DISP1 of the estimated
relation flow (FIG. 18) from the estimated relation charac-
teristic display process 1810. Here for example, when the
user wants to decide which of two structural change plans to
utilize, the use can simultaneously display the estimated
results when these plans have been input as an estimated
results diagram SR4 on the display unit DISP1, and can also
display the respected estimated productivity of each plan.
Estimated results based on the first structural change plan
(interchanging the workers W5 and W9 in the organization
shown in FIG. 3) can be displayed for example as an
organization chart 2701 and a box plot 2704 of the graph
2703 showing the relation characteristic quantities; and
estimated results based on the second structural change plan
(interchanging the workers W5 and W10 in the organization
shown in FIG. 3) can be displayed as an organization chart
2702 and a box plot 2705 showing the relation characteristic
quantities. When in doubt about which of the two structural
change plans to employ, the user can in this way easily
compare the two plans.
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FIG. 30 is a drawing for describing the estimated results
diagram SR6 corresponding to the plural selected states
shown on the display unit DISP1 of the embodiment of the
present invention.

The estimated results diagram SR6 is a sixth display
example of estimated results shown on the display unit
DISP1 of the estimated relation flow (FIG. 18) from the
estimated relation characteristic display process 1810. The
estimated results diagram SR6 includes a checkbox 3001,
and other than the point that input by the user utilizing this
checkbox 3001 displays a network diagram instead of an
organization chart including a display of the relation char-
acteristic quantities (structural diagram) is identical to the
estimated results diagram SRS5.

The network diagram shown here instead of the display-
ing a structural diagram is made the same way as shown in
FIG. 21. The network diagram 3002 shown in FIG. 30 is a
network diagram of the relation characteristic quantities
displayed in the organization chart 2702 in FIG. 27. The box
plots 3004 and 3005 displayed in the graph 3003 in FIG. 30
are respectively equivalent to the box plots 2704 and 2705
shown in the graph 2703 in FIG. 27.

What is claimed is:

1. An information processing system comprising:

aplurality of terminals attached to the persons comprising

an organization;

a base station to communicate with the terminals; and

a management server coupled by way of a network to the

base station,

wherein each terminal includes a behavioral information

sensor to acquire behavioral information of the person

wearing the terminal, the behavioral information sensor
including:

a face-to-face sensor to detect a face-to-face meeting
between the person wearing the terminal and another
person wearing the terminal, and

at least one of an acceleration sensor to detect accel-
eration and a voice sensor to detect voices, and

each terminal includes a transmit device to send the

behavioral information to the base station, the behav-
ioral information including:

face-to-face information corresponding to the face-to-
face meeting between the person wearing the termi-
nal and the other person wearing the terminal, and

at least one of acceleration information from the accel-
eration sensor and voice information from the voice
sensor;

wherein the management server comprising a network

interface coupled to the network, a processor coupled

to the network interface, and a storage device coupled
to the processor,

wherein the storage device stores a plurality of organiza-

tional relationships in an organizational structure

among the plurality of persons within the organization,
and

wherein the processor:

stores the behavioral information received by way of the

network interface into the storage device,

calculates a relational characteristic quantity of one or

more types for each person in each of the organizational

relationships relative to each other person in the orga-
nizational relationship based on at least one of the
face-to-face information, the acceleration information
and the voice information, wherein the relational char-
acteristic quantity comprises at least one of a face-to-

face time between the person and the other person, a

bidirectional time where the person and the other
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person were both active, a pitcher time where the
person was active and the other person was inactive, a
catcher time where the person was inactive and other
person was active, a sit-together time where the person
and the other person were both inactive, and a syn-
chronicity degree where the person transits from inac-
tive to active when the other person is active,
calculates a relational coefficient based on a change in the
relational characteristic quantity resulting from a past
change in one or more of the organizational relation-
ships in the organization structure,
receives a proposed change in one or more of the orga-
nizational relationships in the organizational structure,
determines a change in the relational characteristic quan-
tity of each person in the organizational structure
resulting from the proposed change in the one or more
organizational relationships using the calculated rela-
tional coefficient, and
outputs the change in the relational characteristic quantity
of each person in the organizational structure resulting
from the proposed change in the one or more organi-
zational relationships.
2. The information processing system according to claim
15
wherein the behavioral information includes at least one
of the acceleration information as an acceleration
record and the voice information as a voice record, and
wherein the processor determines whether each person is
active based on the acceleration information or the
voice information.
3. The information processing system according to claim
25
wherein the processor:
calculates the relational coefficient showing the extent
that each type of relational characteristic quantity in the
specified period after the proposed change in the one or
more organizational relationships is dependent on each
type of relational characteristic quantity before the
proposed change in the one or more organizational
relationships, based on the relational characteristic
quantity before the proposed change in the one or more
organizational relationships that was implemented in
the past, and the relational characteristic quantity for a
specified period after the proposed change in the one or
more organizational relationships that was imple-
mented in the past, and
determines the relational characteristic quantity of the
person for the specified period after the proposed
change in the one or more organizational relationships
based on the calculated relational coefficients.
4. The information processing system according to claim
35
wherein the processor:
calculates the relational coeflicient corresponding to each
of the plural specified periods, showing the extent that
each type of relational characteristic quantity in the
specified period after the proposed change in the one or
more organizational relationships is dependent on each
type of relational characteristic quantity before the
proposed change in the one or more organizational
relationships, based on the relational characteristic
quantity before the proposed change in the one or more
organizational relationships that was implemented in
the past, and the relational characteristic quantity for a
plurality of specified periods after the proposed change
in the one or more organizational relationships that was
implemented in the past, and
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determines the relational characteristic quantity of the
person for each of the plural specified periods after the
proposed change in the one or more organizational
relationships based on the calculated relational coeffi-
cients respectively corresponding to the plural specified
periods.
5. The information processing system according to claim
35
wherein the processor calculates the relational coefficient
by machine learning using a response variable as the
relational characteristic quantity for the specified
period after the proposed change in the one or more
organizational relationships that was implemented in
the past; and using an explanatory variable as the
relational characteristic quantity for the specified
period before the proposed change in the one or more
organizational relationships that was implemented in
the past.
6. The information processing system according to claim
15
wherein the organizational relationships includes at least
one from among a group relation of the person belong-
ing to a group in the organization, a positional relation
of the person in the chain of command, and a hierar-
chical relation of the person by job ranking.
7. The information processing system according to claim
15
wherein one of the types of the relational characteristic
quantity comprises a time the person is not face-to-face
with the other person.
8. The information processing system according to claim
25
wherein the processor determines that the person wearing
the terminal containing the acceleration sensor is active
when the specified conditions for the acceleration fre-
quency detected by the acceleration sensor are satisfied.
9. The information processing system according to claim
1, further comprising:
a display device,
wherein the processor displays the organization chart the
organizational structure showing the plurality of orga-
nizational relationships among the persons within the
organization, and further displays the relational char-
acteristic quantity of the person superimposed on the
organization chart.
10. The information processing system according to claim
1, further comprising:
a display device,
wherein the processor represents each person as a node,
and displays a spring network diagram utilizing the
relational characteristic quantity as the attraction force
between nodes, on the display device.
11. The information processing system according to claim
1, further comprising:
a display device,
wherein the processor calculates the cohesion of the
organization based on the relational characteristic
quantity of each person, and displays the relational
characteristic quantity of each person and the calcu-
lated cohesion on the display device.
12. The information processing system according to claim
4, further comprising:
a display device,
wherein the processor calculates the cohesion for each of
the plural specified periods in the organization based on
the relational characteristic quantity of each person for
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each of the plural specified periods, and displays a
graph showing the change in the calculated cohesion on
the display device.

13. A management server coupled by way of a network to

5 a base station communicating with a plurality of terminals,
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wherein each terminal is attached to each of a plurality of

persons comprising the organization, and includes a

behavioral information sensor to acquire behavioral

information of the person wearing the terminal, the
behavioral information sensor including:

a face-to-face sensor to detect a face-to-face meeting
between the person wearing the terminal and another
person wearing the terminal, and

at least one of an acceleration sensor to detect accel-
eration and a voice sensor to detect voices, and

each terminal includes a transmit device to transmit the
behavioral information to the base station, the behav-
ioral information including:

face-to-face information corresponding to the face-to-
face meeting between the person wearing the termi-
nal and the other person wearing the terminal, and

at least one of acceleration information from the accel-
eration sensor and voice information from the voice
sensor;

wherein the management server comprising a network
interface coupled to the network, a processor coupled
to the network interface, and a storage device coupled
to the processor,

wherein the storage device stores a plurality of organiza-
tional relationships in an organizational structure
among the plurality of persons within the organization,
and

wherein the processor:

stores the behavioral information received by way of the
network interface into the storage device,

calculates a relational characteristic quantity of one or
more types for each person in each of the organizational
relationships relative to each other person in the orga-
nizational relationship based on at least one of the
face-to-face information, the acceleration information
and the voice information, wherein the relational char-
acteristic quantity comprises at least one of a face-to-

face time between the person and the other person, a

bidirectional time where the person and the other

person were both active, a pitcher time where the

person was active and the other person was inactive, a

catcher time where the person was inactive and other

person was active, a sit-together time where the person
and the other person were both inactive, and a syn-
chronicity degree where the person transits from inac-
tive to active when the other person is active,

calculates a relational coefficient based on a change in the
relational characteristic quantity resulting from a past
change in one or more of the organizational relation-
ships in the organization structure,

receives a proposed change in one or more of the orga-
nizational relationships in the organizational structure,

determines a change in the relational characteristic quan-
tity of each person in the organizational structure
resulting from the proposed change in the one or more
organizational relationships using the calculated rela-
tional coefficients, and

outputs the change in the relational characteristic quantity
of each person in the organizational structure resulting
from the proposed change in the one or more organi-
zational relationships.
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14. The management server according to claim 13,

wherein the behavioral information includes at least one

of the acceleration information as an acceleration
record and the voice information as a voice record, and
wherein the processor

determines whether each person is active based on the

acceleration information or the voice information.

15. The management server according to claim 14,

wherein the processor:

calculates the relational coefficient showing the extent

that each type of relational characteristic quantity in the

specified period after the proposed change in the one or
more organizational relationships is dependent on each
type of relational characteristic quantity before the
proposed change in the one or more organizational
relationships, based on the relational characteristic
quantity before the proposed change in the one or more
organizational relationships that was implemented in

the past, and the relational characteristic quantity for a

specified period after the proposed change in the one or

more organizational relationships that was imple-
mented in the past, and

determines the relational characteristic quantity of the

person for the specified period after the proposed

change in the one or more organizational relationships
based on the calculated relational coefficients.

16. An information processing method for an information
processing system including a plurality of terminals attached
to each of the persons comprising an organization, a base
station to communicate with the terminals, and a manage-
ment server coupled by way of a network to the base station,

each terminal including a behavioral information sensor

to acquire behavioral information of the person wearing
the terminal, the behavioral information sensor includ-
ing:

a face-to-face sensor to detect a face-to-face meeting
between the person wearing the terminal and another
person wearing the terminal, and

at least one of an acceleration sensor to detect accel-
eration and a voice sensor to detect voices, and

each terminal includes a transmit device to send the

behavioral information to the base station, the behav-
ioral information including:

face-to-face information corresponding to the face-to-
face meeting between the person wearing the termi-
nal and the other person wearing the terminal, and

at least one of acceleration information from the accel-
eration sensor and voice information from the voice
sensor;

the management server including a network interface

coupled to the network, a processor coupled to the

network interface, and a storage device coupled to the
processor, and

the storage device storing a plurality of organizational

relationships in an organizational structure among the

plurality of persons within the organization,

the information processing method comprising:

receiving the behavioral information by way of the net-

work interface;
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calculating a relational characteristic quantity of one or
more types for each person in each of the organizational
relationship relative to each other person in the orga-
nizational relationship based on at least one of the
face-to-face information, the acceleration information
and the voice information, wherein the relational char-
acteristic quantity comprises at least one of a face-to-
face time between the person and the other person, a
bidirectional time where the person and the other
person were both active, a pitcher time where the
person was active and the other person was inactive, a
catcher time where the person was inactive and other
person was active, a sit-together time where the person
and the other person were both inactive, and a syn-
chronicity degree where the person transits from inac-
tive to active when the other person is active;

calculating a relational coefficient based on a change in
the relational characteristic quantity resulting from a
past change in one or more of the organizational
relationships in the organization structure;

determining a change in the relational characteristic quan-
tity of each person in the organizational structure
resulting from a proposed change in the one or more
organizational relationships using the calculated rela-
tional coefficients; and

outputting the change in the relational characteristic quan-
tity of each person in the organizational structure
resulting from the proposed change in the one or more
organizational relationships.

17. The information processing method according to

claim 16,

wherein the behavioral information includes at least one
of the acceleration information as an acceleration
record and the voice information as a voice record, and

wherein calculating the relational characteristic quantity
further includes

determining whether the person is active based on the
acceleration information and the voice information.

18. The information processing method according to

claim 17, further comprising:

calculating the relational coefficient showing the extent
that each type of relational characteristic quantity in the
specified period after the proposed change in the one or
more organizational relationships is dependent on each
type of relational characteristic quantity before the
proposed change in the one or more organizational
relationships, based on the relational characteristic
quantity before the proposed change in the one or more
organizational relationships that was implemented in
the past, and the relational characteristic quantity for
the specified period after the proposed change in the
one or more organizational relationships that was
implemented in the past,

wherein determining the change in the relational charac-
teristic quantity further includes:

determining the relational characteristic quantity of the
person for the specified period after the proposed
change in the one or more organizational relationships
based on the calculated relational coefficients.
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